Brachial plexus injury is a severe neurologic injury that results in functional impairment of the affected upper limb, and it can be difficult to diagnose and manage. We report a woman aged 51 years who developed brachial plexus injury of the right arm after axillary thoracotomy with removal of a mediastinal tumor. Aggressive rehabilitation was promptly neurologic instituted, and the impairment of her arm recovered completely 69 days after surgery.
Introduction
Brachial plexus injury in adults is usually a closed injury resulting from considerable traction to the shoulder and is difficult to diagnose and manage. 1, 2 An integration of injury history, physical examination, radiologic findings, and electrodiagnostics can help the diagnosis. 2 Most brachial plexus lesions are due to traction sustained during birth, but in adults they are usually caused by traffic accidents or following a fall. 3, 4 There is usually a long-term neurologic dysfunction, which results in considerable socioeconomic problems. 5, 6 Axillary thoracotomy is a simple and rapid approach for treatment of pulmonary and mediastinal lesions with minimal muscular transections and mild postoperative pain. 7, 8 Axillary thoracotomy, like other thoracic surgery procedures, has complications that may include bleeding and infection 7 ; however, brachial plexus injury after axillary thoracotomy has never been reported in the literature.
We hereby report a woman aged 51 years who developed right brachial plexus injury after axillary thoracotomy with removal of a mediastinal tumor, and pertinent articles in the literature are reviewed.
Case report
A woman aged 51 years had undergone partial cervical thyroidectomy for nodular goiter 5 years previously. A mediastinal tumor was incidentally found by a routine chest radiograph. Chest computed tomography (CT) showed a well-defined mass 4.5 cm in diameter in the right paratracheal region, apparently not connected with the thyroid (Fig. 1 ). During the operation, she was placed in a left decubitus position with hyper-abduction of the right arm ( Fig. 2 ). Axillary thoracotomy with removal of the mediastinal tumor was performed via the right second intercostal space and the operation lasted for 130 minutes. The pathology report showed an ectopic goiter. Postoperatively, the patient experienced right arm numbness and weakness. On postoperative Day 14, neurologic examinations, including nerve conduction studies (NCS), electromyography (EMG) and magnetic resonance imaging (MRI) of the cervical spine were performed and demonstrated right brachial plexus injury. As shown in Fig. 3A , motor NCS of the right axillary and musculocutaneous nerves showed severely reduced amplitude of action potential (AP), prolonged distance, and latency. The right radial and median nerves showed mildly reduced AP amplitude. Both ulnar nerves and the left median, radial, axillary, and musculocutaneous nerves, including nerve conduction velocity and F waves, were normal. Sensory NCS of the median and ulnar nerves were normal on both sides. Needle EMG of the right deltoid and biceps muscles showed presence of positive sharp waves and fibrillation potential with no volitional activity. The right triceps and brachioradialis muscles showed mildly reduced recruitment, and the right rhomboid major muscle was normal. MRI of the C-spine revealed no evidence of root lesions. A rehabilitation program, including hot packing, muscle stimulation, and strengthening treatment, was scheduled. Repeated NCS on postoperative Day 36 ( Fig. 3B ) still showed no motor conduction response of the right axillary nerve, although there was a mild improvement in the AP amplitude of the right median nerve. Needle EMG of the right biceps and brachioradialis muscles demonstrated severe denervation without volitional activity, and the right deltoid muscle showed severe denervation with single motor unit potential. The right triceps and rhomboid major muscles were normal. The rehabilitation program was continued. By postoperative Day 69, the patient had completely recovered without symptoms of right upper limb weakness or numbness.
Discussion
Surgical approaches for removal of a mediastinal tumor include median sternotomy, thoracotomy, and a minimally invasive approach (video-assisted mediastinoscopy or thoracoscopy). Median sternotomy and traditional thoracotomy provide good exposure of the thoracic cavity and thus facilitate effective and safe resection of the mediastinal tumor, especially a large one. 9 Compared with mediastinal sternotomy and traditional thoracotomy, osteomuscular sparing axillary thoracotomy allows adequate exposure of the pleural cavity without any resection of chest wall structures. In addition, it is easy to perform, faster to repair, and decreases postoperative pain. 7, 8 Minimally invasive surgery, of course, provides less postoperative pain and shorter hospital stay with smaller incisions, but must be used to treat smaller mediastinal tumors. No matter what kind of procedure is considered, the most important point is to perform a smooth and safe operation in a reasonably short amount of time. 10 In this case, the tumor was adjacent to the superior vena cava and right common carotid artery. We chose axillary thoracotomy rather than video-assisted thoracoscopic surgery because axillary thoracotomy allows excellent exposure to avoid vascular injury and bleeding.
Postoperative brachial plexus injuries have been reported in some surgeries, such as coronary artery bypass grafting, especially during internal mammary artery harvesting, and thoracoscopic sympathectomy for axillary hyperhidrosis, but it is rare in thoracotomy. 11e13 The injury should not be caused by the procedure itself, but sternal retraction may result in injurious compression of the brachial plexus or dorsal overextension of the abducted arm during the operation. 11, 12 Brachial plexus injury in this patient probably resulted from limited exposure with hyper-abduction of the right arm during the operation.
Treatment varies depending on the mechanism and the length of time after the injury. 4, 13 In those with closed injury, the nerve is probably still in continuity, and the patient may be followed clinically for 2 to 5 months. 13 Nerve regeneration can occur if the nerve tissue components are preserved. 3 The majority of injuries will heal in days or months; however, residual deficits may persist. 3, 11 If there is no reversal of the neurologic deficit by that time, surgical intervention is warranted. 13 Moreover, an aggressive rehabilitation program is essential in the treatment of brachial plexus injuries, even those occurring postoperatively. 6 In this case, postoperative brachial plexus injury was noted and was successfully treated after an early and intensive rehabilitation program. Surgeons should be aware of the possibility of this type of injury during operation. 
